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Basement membranes found around tumor cells in nevocytic 
nevi, Spitz’s nevi, and malignant melanomas were analyzed 
by electron microscopy and antibody staining for several 
basement membrane proteins. Nevocytic nevi and Spitz’s 
nevi showed a distinct, occasionally discontinuous lamina 
densa regardless of whether they were located in junctional 
zones of the epidermis or within the dermis. All basement 
membranes around nests of aggregated nevus cells, however, 
lacked anchoring fibrils. This correlated with the absence of 
type VII collagen. In contrast, type IV collagen, laminin, and 
nidogen were present at the periphery of the nevus cell clus- 
ters in agreement with the presence of an intact lamina densa. 
Aggregated tumor cells in malignant melanomas were bor- 
dered by a lamina densa when located in a junctional position 
and lacked this structure when they had migrated into the 
dermis. This process was accompanied by a drastically re- 
duced staining for collagen type IV and nidogen, whereas 
laminin was still detectable. Anchoring fibrils and their mo- 
lecular correlate, type VII collagen, were consistently absent. 
These observations demonstrate major alterations in the 
composition of basement membranes around malignant mel- 
anomas, which can be an important factor for the invasive 
growth and formation of metastases of these tumors.] Invest 
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N evocytic nevi and malignant melanoma are both thought to originate from proliferating melano- cytes in the basal epidermis. During this process tumor cell clusters appear in the epidermis and sub- sequently invade the dermis, where they either 
continue to proliferate or persist in a resting stage [l]. One impor- 
tant step in this process involves the passage or modification, or 
both, of the basement membrane, a complex extracellular matrix 
that separates the epidermis from the dermis [2,3]. Basement mem- 
branes also surround other anatomic strnctures, such as peripheral 
nerves, capillaries, and muscle fibrils, and control cell migration and 
invasion during development and tissue repair [reviewed in 4, 51. 
Major glycoprotein constituents of basement membranes include 
collagen type IV, which forms the ultrastructural scaffold, the cell- 
binding protein, laminin, and several other components such as 
heparan sulfate proteoglycans and nidogen [5-y]. These proteins 
are also typical constituents of the basement membrane at the der- 
moepidermal junction [8]. As other matrices belonging to the strati- 
fied epithelium, the basement membrane possesses additional spe- 
cific components such as the bullous pemphigoid antigen [9] and 
anchoring fibrils that connect the lamina densa to the underlying 
dermal stroma [2,3]. Th e major constituent of the latter fibrils is 
collagen type VII, a unique member within the family of collage- 
nous proteins [lO,ll]. 
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Disruption of continuous basement membranes is thought to play 
an important role in the invasive growth and spreading of malignant 
tumors [I2- 141. In malignant melanomas the penetration of the 
basement membrane indicates an early stage of invasion that is asso- 
ciated with the potential to metastasize. Aggregated tumor cells in 
nevocytic nevi, however, are normally surrounded by a continuous 
basement membrane [15]. Most of the previous reports on basement 
membranes of these tumors have, with few exceptions [16- 181, 
been limited to ultrastructural observations. The availibility of anti- 
bodies directed against various basement membrane proteins, in- 
cluding anchoring fibrils, has now allowed a more comprehensive 
analysis ofthe structures surrounding benign and malignant tumors. 
The data reported in the present study thus provide further insights 
into possible mechanisms of dermal invasion by proliferating mela- 
nocytes. 
MATERIAL AND METHODS 
Nevocytic nevi and malignant melanomas were obtained from sur- 
gical specimens. The degree of microinvasion and the histogenetic 
types of melanomas were classified according to Clark et al [19]. 
Electron Microscopy The following tumors were selected for 
ultrastructural investigations: 15 cases of compound nevocytic nevi; 
4 cases of Spitz’s nevi (compound type); 9 cases of malignant mela- 
noma [superficial spreading type with level II (n = 2) or level III 
(n = 3), or nodular type with level III (n = 4)]. Portions of the 
biopsies were fixed in a phosphate-buffered (0.05 M) solution with 
2.5% glutaraldehyde and 2% paraformaldehyde, postfixed in 1% 
OsO,, and embedded in Epon according to routine methods. Thin 
sections were obtained with a Reichert ultramicrotome (OmU2), 
stained with uranyl acetate and lead citrate, and were studied with a 
Philips electron microscope (EM300). 
Immunohistology Antibodies against mouse type IV collagen, 
laminin, and nidogen were raised in rabbits and affinity purified as 
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Figure 1. Electron microscopy of nevocytic nevus in the junctional zone. 
Several tumor cells with numerous melanosomes are seen adjacent to a 
keratinocyte (K). The basement membrane underlying the keratinocyte 
extends below the nevus cells with a lamina densa (+) appearing thinner 
than normal. Anchoring fibrils ( H are abundant around the keratinocyte ) 
but absent below news cells (X15,450). 
described earlier [20-221. Radioimmunoassays demonstrated that 
each antibody was specific and cross-reacted sufficiently with corre- 
sponding human antigens. Monoclonal mouse antibodies against 
human type VII collagen were directed against the carboxy- 
terminal part of the molecule [lo]. These antibodies were used to 
study the presence of basement membrane components in four 
compound nevocytic nevi, six superficial spreading melanomas 
(levels II and III), and one Spitz’s nevus (compound type). Cryostat 
sections of tissues (thickness 7 - 8 pm) were air-dried for 30 min and 
stored at -20°C. Immunologic reactions were carried out at room 
temperature without prefixation. The sections were incubated with 
antibodies directed against different basement membrane compo- 
nents, rinsed in 0.01 M phosphate-buffered saline (pH 7.2), exposed 
to a second antibody (peroxidase-conjugated goat anti-rabbit anti- 
body or peroxidase conjugated rabbit anti-mouse antibody; Dako 
Corp., Santa Barbara, CA) and rinsed again in phosphate-buffered 
saline (pH 7.2) before the diaminobenzidine reaction was carried 
out. After rinsing 2x for 5 min in distilled water the sections were 
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stained with Harris’ hematoxylin for 3 - 5 min. Tissue sections con- 
taining basement membranes around capillaries and adnexal struc- 
tures were used as positive controls. 
RESULTS 
In normal human skin antibodies against type IV collagen, laminin 
and nidogen reacted in characteristic patterns with a distinct stain- 
ing of the dermoepidermal basement membrane zone as well as 
basement membrane around blood vessels and skin appendages. An- 
tibodies against type VII collagen showed a more restricted staining 
of the dermoepidermal basement membrane zones: around hair fol- 
licles and the ductal part of eccrine sweat glands. The secretory parts 
of the glands as well as capillaries, on the other hand, were negative 
(data not shown). All these structures are known to possess typical 
basement membranes [2,3]. 
Basement membranes in the melanocytic lesions showed several 
significant changes at the morphologic and compositional level. 
Beneath normal epidermal melanocytes and injunctional tumor cell 
nests of nevocytic nevi the basement membrane was always clearly 
visible in electron microscopy as a continuation of the normal epi- 
dermal basement membrane located underneath the keratinocytes 
(Fig 1). The lamina densa appeared to be thinner, however, when in 
contact with melanocytes or tumor cells (about 50 nm compared 
with 120 nm in normal controls), and anchoring fibrils could not be 
detected. Immunohistologic analyses showed that this basement 
membrane reacted with antibodies against type IV collagen, lami- 
nin, and nidogen (Table I; Fig 2). No reaction was found with type 
VII collagen antibodies in two cases (Fig 2C) and only a faint stain- 
ing was present in two others (Fig 20). 
Nevocytic nevi tumor cell nests located in the superficial dermis 
revealed a basement membrane usually around aggregated as well as 
individual nevus cells (Fig 3). However, no such structures were 
found separating tumor cells in close contact to one another. Here, 
the lamina densa appeared to be replaced by lilamentous material in 
some areas (Fig 4) or was absent in others. Anchoring fibrils were 
not found around or in dermal nests of nevocytic nevi. A similar 
morphologic pattern was found in nevocytic nevus cell nests located 
in the deep dermis, whereby the occurrence of discontinuous lami- 
nae densae or their replacement by filamentous material was more 
frequent. Absence of a basement membranelike structure around 
tumor cells in the dermis was also more frequently noted in Spitz’s 
nevus (Fig 5). Anchoring fibrils were generally absent. All of these 
basement membranes reacted with antibodies directed against type 
IV collagen, laminin, and nidogen, but not with antibodies against 
type VII collagen (Table I). 
In malignant melanomas a basement membranelike structure 
without anchoring fibrils was seen below tumor cells when they 
were located in the basal layer of the epidermis in close vicinity to 
keratinocytes. However, larger nests of aggregated tumor cells that 
Table I. Summary of Immunohistologic Reactions for Distinct Compoments of Basement Membranes Located Close to 
Tumor Cells 
Tumor Location 
Type IV 
Collagen 
Staining for 
Laminin Nidogen 
Type VII 
Collagen 
Compound 
nevi (n = 4) 
Spitz’s 
nevus (n = 1) 
Malignant 
melanoma (n = 6) 
Controls 
Junctional nests 
Dermal nests 
Junctional nests 
Dermal nests 
Junctional nests 
Dermal nests 
Capillaries 
Hair follicles 
Sweat glands 
+ 
+ 
+ 
+ 
+‘;- + + + 
+;- 
nd 
;+“, - 
+ 
+ 
c 
(+I 
+/- 
(+) 
4 - 
+ 
ducts 
only 
+ = strong staining 
(+) = weak staining 
- = no staining 
nd = not determined 
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Figure 2. Immunohistologic staining for basement membrane proteins in 
nevocyl 
(4 or 
:ic news of the compound type. Antibodies against type IV collagen 
membr; 
laminin (B) react along subepidermal and perivascular basement 
mes and around aggregated news cells present within the dermis. In 
bulged into the papillary layer of the dermis and tumor cell nests 
located I in deeper portions of the dermis lacked this basement mem- 
brane I (Fig 6). All these tumor basement membranes also lacked 
typical 
collage 
anchoring fibrils. Staining with antibodies against type IV 
:n, laminin, and nidogen was positive in mostjunctional nests 
contrast, antibodies against type VII collagen fail to react around most 
ma1 tumor cell nests (C) and around most segments at the border of j 
tional tumor cell nests (0). 
of melanoma cells, including a faint staining with type VII colh 
antibodies (Table I). In contrast, quite different staining patt 
were noted for malignant melanomas located in dermal regi 
These tumor cell nests showed a distinct reaction for laminin 
70) despite the absence of morphologic correlates of a baser 
der- 
lgen 
:ems 
.ons. 
(Fig 
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Figure 3. Basement membrane of a nevus cell (N) located in the superhcial 
dermis. A lamina densalike membrane (+) separates the cell from the sur- 
rounding collagen fibers (C). A melanosome complex is present within the 
cytoplasma (X25.800). 
Figure 5. Discontinuous basement membrane in Spitz’s nevus. The tumor 
cell (T) is located in the upper dermis. A lamina densalike structure is only 
seen focally (+). F = fibroblast. (X19,370). 
membrane. However, staining for type IV collagen was strongly 
reduced (Fig 7B) and was virtually absent for nidogen (Fig 7C) and 
type VII collagen (Fig 7A). 
DISCUSSION 
In the present study we analyzed basement membranes around 
melanocyte-derived tumor cells using morphologic and immuno- 
histologic criteria. Staining with antibodies directed against differ- 
ent components of basement membranes showed, as expected, the 
presence of type IV collagen, laminin, and nidogen in normal sub- 
epidermal basement membranes as well as in basement membranes 
surrounding capillary vessels [3,8,16,17]. Type VII collagen was 
restricted to the dermoepidermal junction as reported previously 
[ 10,111, which is in agreement with the restricted localization of 
anchoring fibrils to stratified epithelia. The basement membrane 
surrounding nevocytic nevi revealed no staining for type VII colla- 
gen and lacked anchoring fibrils as shown by electron microscopy. 
The basement membrane, however, appeared intact, but thinner 
and contained typical constituents such as type IV collagen, laminin, 
and nidogen. Similar data have already been published for basement 
membranes in contact with normal melanocytes, where the basal 
lamina was found to be less dense and thinner and anchoring fibrils 
were sparse [2,23]. In addition, the epidermolysis bullosa acquisita 
antigen, which is now known to represent the C-terminal part of 
collagen VII [24], appears to be missing in the junctional zone in 
areas of melanocytes [25]. The data are also in agreement with 
immunohistochemical and biosynthetic results demonstrating syn- 
thesis of type IV collagen, proteoglycan, and laminin in nevocytic 
cells in culture [26]. In a case of Spitz’s nevus we obtained data 
similar to those in nevocytic nevi indicating a close relationship of 
both tumors. A comparable synthetic pattern of basement mem- 
branes constituents is known for Schwann cells, which are thought 
to have a similar origin [17]. Application of antibodies recognizing 
basement membrane components specific for stratified epithelia 
(type VII collagen), therefore, allows discrimination of basement 
membranes synthesized by epidermal cells or nevus cells. 
More dramatic changes were observed in malignant melanomas, 
as a lamina densalike structure was only present close to junctional 
tumor cell nests, but not in those in deeper dermal layers [ 1.5 - 171. In 
addition, all the structures around melanoma cells lacked anchoring 
fibrils and type VII collagen. Together with the loss of bullous 
pemphigoid antigen [ 181 the data indicate a gradual disappearance 
of typical components of the basement membrane zones during the 
dermal penetration of melanoma cells [ 151. At developed stages the 
lamina densa at the cell periphery is apparently replaced by fine 
filaments that could not be stained for nidogen anymore and in most 
Figure 4. Disappearance of basement membranes around nevus cells (N) 
lvine in close contact in the sunerficial dermis. The lamina densa is replaced 
by a%lamentous material ( + un ) I d erneath the cytoplasmic membranes. C = 
collagen fibers. (X25.800). 
Figure 6. Electron microscopy of malignant melanoma. Aggregated tumor 
cells (T) are located within the upper dermis. The cytoplasmic membrane 
(-) is seen in direct contact with collagen fibers (Cl and not separated by a 
basement membranelike structure. m = melanosome. (X25,800). 
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Figure 7. Immunohistologic staining for basement membrane proteins in a 
malignant melanoma (invasion type III). Note the absence of staining for 
type VII collagen (A), type IV collagen (B) , and nidogen (C) around tumor 
cell nests located in the dermis except for a few scattered positive plaques. A 
cases also not for type IV collagen, but still reacted distinctly with 
antibodies to laminin. This is of particular interest as normal, and 
also some tumor, basement membranes contain both laminin and 
nidogen in approximately equimolar amounts [27], reflecting the 
formation of a stable noncovalent complex between the two pro- 
continuous staining is, however, observed along regions with an inta 
epidermal basement membranes (A). Antibodies against laminin (D) 
much more abundant staining particularly around tumor cell nests. 
teins [28]. This could indicate a noncoordinatedproduction of 
nin and nidogen by melanoma cells as previously described fa 
era1 cultured teratocarcinoma cell lines [27]. Alternatively, 
could be a selective degradation of nidogen as this protein is 
sensitive to cleavage by endogenous proteases than laminin [ 
ct sub- 
‘lami- 
lr sev- 
there 
:29]. 
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Further studies are needed to establish whether a differential 
staining for nidogen, type IV and VII collagens, and laminin could 
be used routinely to distinguish between dermal tumor cell nests 
originating from malignant melanomas or from nevocytic or Spitz’s 
nevi, which could be of some diagnostic value. Although there is a 
good correlation between immunostaining and the electron micro- 
scopic investigation in the present study, our results differ in some 
aspects from previously published data [ 16,171 where no laminin 
was found around invading malignant melanocytes. This might 
point to a heterogeneity in the differentiation of various melano- 
cytic lesions, which is also observed at the histologic and ultrastruc- 
tural level. Anchoring fibrils that contain type VII collagen as a 
major constituent are known to connect structures within the lam- 
ina densa to basement membranelike anchoring plaques located in 
the underlying dermal stroma [30]. Thus, they form a highly inter- 
woven network of fibrils that is considered to 
P 
rovide a firm attach- 
ment of epithelial cells to the stromal matrix 311. The general lack 
of anchoring fibrils causes separation of basal cells from dermal 
stroma as found in recessively inherited forms of epidermolysis bul- 
losa [32,33]. Lack of production of type VII collagen by melano- 
cytes and nevocytic nevi is ap arently a much more localized event 
and facilitate the bulging o P restricted tumor cell nests into the 
stroma. Because these nests remain surrounded by an intact base- 
ment membrane, probably produced by the nevocytic cells, the cells 
are prohibited from invading further and remain benign. Reduction 
or loss of basement membrane components may also facilitate the 
invasion of malignant melanomas. Thereafter, this is accompanied 
by the complete disappearance of basement membrane structures, 
which could be due to the loss of production of most of the base- 
ment membrane proteins or to the secretion of proteinases that 
dissolve these structures [12 - 141. Both events could be crucial steps 
for allowing further migration and extravasation of tumor cells. 
The technical assistance of Mrs. E.]anuschke is gratefully acknowledged. 
1. 
9. 
10. 
11. 
REFERENCES 
Elder DE, Greene MH, Bondi EE, Clark WH: Acquired melanocytic 
nevi and melanoma. The dysplastic nevus syndrome. In: Ackerman 
AB (ed.). Pathology of Malignant Melanoma. New York, Masson, 
1981, pp 185-215 
Briggamann RA, Wheeler LE: The epidermal-dermal junction. J 
Invest Dermatol 65:71-84, 1975 
Katz SI: The epidermal basement membrane zone-Structure, onto- 
geny and role in disease. J Am Acad Dermatol 1 I:1025 - 1037,1984 
Vracko R: The role of basal lamina in maintenance of orderly tissue 
structure. In: Kuhn K, &hone H, Timpl R (eds.). New Trends in 
Basement Membrane Research. New York, Raven Press, 1982, pp 
l-8 
Timpl R, Dziadek M: Structure, development, and molecular pathol- 
ogy of basement membranes. Int Rev Exp Path01 29:1- 112, 1986 
Krieg T, Timpl R: Protein components of the epidermal basement 
membrane. In: Bereiter-Hahn J, Matoltsy AG, Richards US (eds.). 
Biology of the Integument. Springer Verlag, 1986, pp 788-799 
Martin GR, Timpl R: Laminin and other basement membrane compo- 
nents. Ann Rev Cell Biol 3:57-85, 1987 
Caughman SW, Krieg T, Timpl R, Hintner H, Katz SI: Nidogen and 
heparan sulfate proteoglycan: detection of newly isolated basement 
membrane components in normal and epidermolysis bullosa skin. J 
Invest Dermatol 89:547-550, 1988 
Stanley IR, Hawley-Nelson P, Yuspa SH, Shevach EM, Katz SI: Char- 
acterization of bullous pemphigoid antigen: a basement membrane 
protein of stratified squamous epithelia. Cell 24:897-903, 1981 
Sakai LY, Keene DR. Morris NP, Burgeson RE: Type VII collagen is a 
major structural component of anchoring fibrils. J Cell Biol 
103:1577-1586,1986 
Burgeson RE, Morris NP, Murray LW, Duncan KG, Keene DR, Sakai 
LY: The structure of type VII collagen. Ann NY Acad Sci 460:47- 
57, 1985 
12. Liotta LA, Rao CW, Basky SH: Tumor invasion and the extracellular 
matrix. Lab Invest 49:636 - 649, 1983 
13. Liotta LA, Abe S, Gehron Robey P, Martin GR: Preferential digestion 
of basement membrane collagen by an enzyme derived from a meta- 
static murine tumor. Proc Nat1 Acad Sci USA 76:2268-2272,1979 
14. Kallioinen N, Antio-Harmainen H, Dammert K, Ristelli J, Ristelli L: 
Discontinuity of the basement membrane in fibrosing baso-cellular 
carcinomas and baso-squamous carcinomas of the skin: an immuno- 
histochemical study with human laminin and type IV collagen au- 
toantibodies. J Invest Dermatol 82:248-251, 1984 
15. Curran RC, McCann BG: The ultrastructure of benign pigmented 
nevi and melanocarcinomas in man. J Path01 119:135- 146, 1976 
16. Natali PG, Nicotra MR, Belloci M, Cavaliere R, Bigotti A: Distribu- 
tion of laminin and collagen type IV in benign and malignant lesions 
of melanocytic origin. Int J Cancer 35:461-467, 1985 
17. Steinbeck F, Wasenius VM: Occurrence of basement membranes in 
pigment cell tumors of the skin, relation to cell type and clinical 
behavior. J Cutan Path01 13:175-186, 1986 
18. Hamm G, Reiss C-I: Histologischer Nachweis von bullosem Pemphi- 
goidantigen beim malignen Melanom. Dermatol Monatsschr 
171:788-792,1984 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
Clark WH, From L, Bernardino EH, Mihm MC: The histogenesis and 
biologic behavior of primary human malignant melanomas of the 
skin. Cancer Res 29:705 - 726, 1969 
Rohde H, Wick G, Timpl R: Immunochemical characterization ofthe 
basement membrane glycoprotein laminin. Eur J Biochem 
102:195-201.1979 
Timpl R, Ganville GW, Wick G, Martin GR: Immunochemical study 
on basement membrane (type IV) collagens. Immunology 38:109- 
116, 1979 
Timpl R, Dziadek M, Fujiwara S, Nowack H, Wick G: Nidogen: a 
new, self-aggregating basement membrane protein. Eur J Biochem 
137:455-465,1983 
Tarnowski WM: Ultrastructure of the epidermal melanocyte dense 
plate. J Invest Dermatol 55:265-268, 1970 
Woodley DT, Burgeson RE, Lunstrum G, Bruckner-Tudermann L, 
Reese MJ, Briggaman RA: Epidermolysis bullosa acquisita antigen is 
the globular carboxyl terminus of type VII procollagen. J Clin Invest 
81:683-687,1988 
Paller AS, Queen LL, Woodley DT, Gammon WR, O’Keefe EJ, 
Briggaman RA: A mouse monoclonal antibody against a newly dis- 
covered basement membrane component, the epidermolysis bullosa 
acquisita antigen. J Invest Dermatol 84:215-217, 1985 
Yaar M, Woodley DT. Gilchrest BA: Human nevocellular nevus cells 
are surrounded by basement membrane components in vitro. Lab 
Invest 58:157- 162, 1988 
Dziadek M, Timpl R: Expression of nidogen and laminin in basement 
membranes during mouse embryogenesis and in teratocarcinoma 
cells. Dev Biol 111:372-382, 1985 
Paulsson M, Aumailley M, Deutzmann R, Timpl R, Beck K, Engel J: 
Laminin-nidogen complex: extraction with chelating agents and 
structural characterization. Eur J Biochem 166:11- 19, 1987 
Dziadek M, Paulsson M, Timpl R: Identification and interaction reper- 
toire of large forms of the basement membrane protein nidogen. 
EMBO J 4:2513-2518, 1985 
Keene DR, Sakai LY, Lunstroem GP, Morris NP, Burgeson RE: Type 
VII collagen forms an extended network of anchoring fib&J Cell 
Biol 104:611-621, 1987 
31. Burgeson RE: Type VI colla 
Structure and Functions o B 
en. In: Mayne R, Bur eson RE (eds.). 
lando, FL, pp 
Collagen Types. Aca 1 emit Press, Or- 
145- 172,1987 
32. Goldsmith LA, Briggamann RA: Monoclonal antibody to anchoring 
fibrils for the diagnosis of epidermolysis bullosa. J Invest Dermatol 
81:464-466, 1983 
33. Bruckner-Tuderman L, Ruegger S, Odermatt B, Mitsuhashi Y, 
Schnyder UW: Lack of type VII collagen in unaffected skin of 
patients with severe recessive dystrophic epidermolysis bullosa. 
Dermatologica 176:57 - 64, 1988 
